Background: Nutrition markers may be useful for diagnosis and monitoring and, also, as additional indicators of estimating death risk. We tested the association of body composition indicators (mid-upper arm circumference and phase angle) with pediatric intensive care unit (PICU) length of stay and mortality in critically ill pediatric patients. Methods: Data from children aged 2 months-18 years were collected, and bioelectrical impedance was performed to obtain phase angle. Severity was evaluated by scoring the Pediatric Index of Mortality. Descriptive statistics were reported for nominal variables. Receiver operating characteristic curve was used to analyze the association of phase angle with 30-day mortality and to find the best cutoff. Survival probabilities and PICU length of stay were estimated using the Kaplan-Meier method. Results: We evaluated 247 children with a median age of 4.8 years whose main cause of admission was sepsis. Survival curves showed higher survival in patients with phase angle >2.8°c ompared with patients with phase angle ࣘ2.8°(P < .0001). Kaplan-Meier time-to-event analysis showed that children with lower phase angle values were more likely to remain in the PICU (hazard ratio, 1.84; P = .003). Lower survival was also observed in patients who presented mid-upper arm circumference values ࣘ5th percentile (P < .03). Conclusions: Mid-upper arm circumference and phase angle were associated with mortality and morbidity in critically ill children, suggesting that these parameters may be useful not only for nutrition diagnosis and monitoring, but also as an additional indicator in estimating prognosis. (Nutr Clin Pract.
Introduction
Undernutrition is highly prevalent in critically ill children throughout the world. Several studies performed in developing countries demonstrated that this condition can affect 50% of children and adolescents admitted to the pediatric intensive care unit (PICU), and it is associated with increased morbidity and mortality, including a higher risk of infection due to transitory immunologic disorders, inadequate wound healing, reduced gut function, longer dependency on mechanical ventilation, and longer hospital stays. 1 Nutrition care studies have proposed that an early intervention targeting nutrition assessment can prevent or minimize the complications of undernutrition. 2, 3 For this reason, ameliorating the nutrition condition of admitted patients is essential to promote sufficient nutrition support. Anthropometry is a basic component of the nutrition assessment because it presents standardized reference values by age group, unlike biochemical indicators. 4 Furthermore, anthropometry is very useful for classifying nutrition status, as well as for planning nutrition therapy (NT) and nutrition monitoring. 5, 6 Usually, critically ill children present with edema, electrolyte imbalance, intense protein catabolism, and changes in body composition due to loss of muscle mass and total body water redistribution, 6 which makes the anthropometric assessment difficult to interpret. Thus, measurements to define the body compartments in more detail, as well as anthropometry, become important to improve the accuracy of nutrition assessment.
In addition to identifying body compartments in the nutrition aspect, body composition seems to be able to predict clinical prognosis, which is extremely important because early identification of severity allows the anticipation of therapeutic measures that can be decisive in the patient outcome. Studies have shown that muscle mass reduction is an independent risk factor for mortality and is associated with longer length of stay (LOS). 7, 8 There are several techniques to assess body composition, such as mid-upper arm circumference (MUAC) and triceps skinfold thickness (TST), [9] [10] [11] that describe fat and lean stores, 6 besides bioelectrical impedance analysis (BIA). BIA is based on the passage of a low-intensity electric current through the body, measuring primary components and estimating fat mass (FM), fat-free mass (FFM), and total body water. 9 Among the BIA parameters, the phase angle (PA), which indirectly represents FFM, is the most clinically established as it has shown a strong ability to predict outcomes in a wide variety of clinical situations. [12] [13] [14] Considering the importance of body composition analysis as an adjunctive nutrition assessment and as a possible morbidity and mortality predictor in many clinical situations, it is necessary to conduct studies that demonstrate this ability, especially in critically ill children, because data are still scarce. The aim of this study was to test the association of nutrition status on admission, evaluated by body composition indicators, with PICU LOS and 30-day mortality in critically ill children and adolescents.
Methods

Study Population
For this prospective study, the participants were selected from infants, preschool children, school children, and adolescents sequentially admitted to the PICU of a university public hospital. This 15-bed, tertiary PICU primarily attends to patients from 2 months-18 years (until the month before the 19th birthday) with chronic diseases. On average, 70% of the children admitted to this unit use mechanical ventilation, and 65% of them require 1 or more vasoactive drugs. Regarding nosocomial infections (urinary, catheterrelated, associated to mechanical ventilation), this unit gradually has reduced these rates, and we are on par with COVISA (Sanitary Health Vigilance Committee, local) and compatible with those in developing countries.
We studied all patients admitted to the PICU during a 1-year period; we excluded those children who stayed in the unit for <24 hours (discharge or death) and whose parents did not provide informed consent. In total, 247 patients participated in the study. The convenience sample size justification was based on having at least 10 events (deaths) for each prognostic variable to be studied. We observed 36 deaths, thereby providing sufficient information to include the 2 prognostic variables studied in the model.
Anthropometric Nutrition Status Assessment
Anthropometric nutrition assessment was performed within 24 hours of admission to characterize the study population. To minimize the possibility of errors, the assessment always was performed by the same researcher. The assessment included weight, height or length, and body mass index (BMI).
Weight was measured with a scale calibrated for accuracy before each measurement. Weight of children <2 years was measured on a baby scale. Subjects >2 years who had clinical conditions were weighed standing on a digital platform scale. Children and adolescents who could not be weighed standing (mechanical ventilation, sedation) were held by an adult (a parent or evaluator) while being weighed. The weight of the child or adolescent was then obtained by subtracting the weight of the adult from the total weight (adult plus child or adolescent) as described by Frisancho (1999) . 15 Therefore, referred weight was not used. Length was measured in children aged ࣘ3 years using a pediatric anthropometer with an accuracy of 0.1 cm. In children >2 years, height was measured using a wooden stadimeter with an accuracy of 0.1 cm. In children whose condition prevented the use of conventional measuring techniques (eg, patients who were mechanically ventilated or taking vasoactive drugs), height was predicted from measurements of the distance between the knee and ankle using the technique proposed by Chumlea et al. 16 (6-18 years) or by tibia length as proposed by Stevenson et al 17 (<6 years). Using the data for weight and height or length, we obtained BMI with the following equation: weight (kg)/height 2 (m). Anthropometric classification on admission was defined by the BMI-for-age z-score using the reference values from the World Health Organization (WHO) 18 : undernutrition (BMI z-score ←2), eutrophic (BMI z-score ࣙ2 and ࣘ + 1), overweight (BMI z-score > + 1 and ࣘ + 2), or obese (BMI zscore > + 2). WHO Anthro and WHO Anthro Plus software (WHO's media products, Geneva, Switzerland) was used for the calculations.
Body Composition Assessment
Anthropometry. MUAC was selected for this evaluation because it is a simple, inexpensive, and easily reproducible method for body composition assessment. MUAC was measured with a metric tape marked in 0.5-cm increments. Measurements were taken at the midpoint of the distance between the acromion and the olecranon, with the arm extended along the body. MUAC was classified by percentiles according to the method described by Frisancho, 19 chosen because it covers all age groups. For analysis, subjects were categorized in mean percentile MUAC ࣘ5 (considered to have undernutrition) and mean percentile MUAC >5.
BIA. BIA was performed to obtain straight PA values in all patients on the first day of admission using a tetrapolar body composition analyzer (model 450, Biodynamics Corporation, Seattle, WA), with the patient in a supine position with arms and legs apart. Briefly, after the skin had been cleaned with 70% ethanol, 4 adhesive electrodes were placed on the dorsal side of the left hand, left wrist, left foot, and left ankle while the patient was lying supine with the palms of the hands facing inwards. If the left side was not accessible (eg, wounds), the right side was chosen. An electrical current of 0.8 mA was produced at 50 kHz by the analyzer during approximately 2 minutes to measure wholebody PA.
Assessment of Severity
The patients had the severity of their clinical conditions evaluated by the Pediatric Index of Mortality (PIM) 20 score, which is based on 8 clinical variables collected at the time of admission and is useful to evaluate patient severity.
NT
NT was initiated after hemodynamic stabilization and followed the approach determined by the hospital's NT team. The calories and nutrients (macronutrients and micronutrients) required for parenteral or enteral feeding were calculated daily. Increases were made according to feeding tolerance, and always aimed to meet the nutrition requirements of each individual patient.
Statistical Analysis
The results were tabulated in an Excel v.6.0 (Microsoft, Redmond, WA) spreadsheet. Descriptive statistics are reported for demographic (age and gender), anthropometric/clinical (BMI-for-age z-score, admission category, diagnosis category, illness severity, and nutrition support) and outcome variables (PICU LOS and mortality). The median was obtained for BMI-for-age z-score, age, PIM, PA, and PICU LOS.
Receiver operating characteristic (ROC) curve was used to analyze the association of PA with 30-day mortality and to find the best cutoff associated with 30-day mortality according to the Youden method. ROC curve was analyzed with its area under curve (AUC) and 95% confidence interval (CI).
Survival probabilities were estimated by the KaplanMeier method, and they were compared using the log-rank test. The failure rate was estimated according to models of Cox regression. The mortality models included PA and MUAC values and were adjusted for severity, age, gender, BMI, and PIM.
The Kaplan-Meier time-to-event analysis was used to assess the influence of the body composition indicators (PA and MUAC) on the PICU LOS, followed by the logrank test to verify any significant difference between the curves. To avoid the competing effect of mortality on the outcome, we performed a Kaplan-Meier curve among only those subjects who survived (n = 211). For the construction of the curve we established PICU LOS of up to 40 days. If the Kaplan-Meier curve showed good differentiation in assessing PICU LOS, Cox regression was performed, and the hazard ratio (HR) was adjusted for sex, age, and PIM.
All data were analyzed using software SPSS 13.0 (IBM SPSS software, USA), MedCalc 17.1.0 (MedCalc Software, Belgium), and STATA software 11 (StataCorp LLC, USA).
The tests were performed with a significance level of 5%.
Ethics
This study was approved by the Research and Ethics Committee of the hospital and the Commission for Analysis of Research Projects, School of Medicine, with informed consent being waived by parents prior to study initiation.
Results
Among the 303 patients who were screened, 271 patients were initially entered into the study based on the inclusion criteria. Following secondary screenings, 24 (8.8%) of these 271 patients were excluded, leaving a final study population of 247 patients for analysis ( Figure 1) . The study population comprised 247 patients whose median age was 4.8 years. There were no differences regarding gender, with 129 female (52.2%) and 118 male (47.8%).
Thirty-six deaths occurred during hospitalization in the tertiary PICU, corresponding to 14.6% of cases. The median PICU LOS was 4 days and median PIM was 2.7. The median calorie and protein supply within a week of admission (90 patients) corresponded to 77 kcal/kg/d (minimum = 17 kcal/kg/d; maximum = 160 kcal/kg/d) and 2.3 g/kg/d (minimum = 0.25 g/kg/d; maximum = 4g/kg/d), respectively, and the ratio of protein nitrogen to calories was 1:160. There was a predominance of eutrophic patients according to BMI-for-age z-scores (49.8%), and almost half of the patients (49.8%) presented FFM depletion according to the percentile MUAC (below the 5th percentile). Nutrition data from subjects are shown in Table 1 .
Survival
PA cutoff associated with mortality in critically ill children found by the ROC curve analysis was 2.8°(AUC = 0.65; 95% CI: 0.58-0.71), with a sensitivity of 37.1% and a specificity of 86%, as shown in Figure 2 . Patients were stratified in groups according to PA values and mean percentile MUAC. Curves showed higher survival in patients with PA > 2.8°compared with patients with PA ࣘ 2.8°; the mean was 53 days (95% CI: 40.5-65.8) and 23 days (95% CI: 19.7-26.8), respectively (P < .0001) (Figure 3 ). When analyzed, percentile MUAC curves also showed higher survival in patients with percentile MUAC >5 compared with patients with percentile MUAC ࣘ5; the mean was 28 days (95% CI: 26.4-28.3) and 26 days (95% CI: 24.8-27.9), respectively (P = .03) (Figure 4) .
In the Cox regression, the variables significantly associated with 30-day mortality were severity of the clinical condition and PA (Table 2 ). In the model for mortality and MUAC, the variables significantly associated with the outcome were severity of the clinical condition and MUAC (Table 3) . Figure 5 and 6 illustrate Kaplan-Meier curves for the association of PA and MUAC, respectively, with PICU LOS. There was a significant difference in PICU LOS between PA ࣘ 2.8°and PA > 2.8°(P = .0013), as well as between percentile MUAC ࣘ 5 and percentile MUAC > 5 (P = .023). After adjusting for sex, age, and PIM, Cox regression analysis revealed that children with PA ࣘ 2.8°were more likely to remain in the PICU compared with those who had PA > 2.8°(HR: 1.64; P = .017). Similar results were not observed with MUAC (HR: 1.30; P = .063) ( Table 4) . 
PICU LOS and Indicators of Body Composition
Discussion
In the PICU, children with undernutrition have been demonstrated to have increased duration of mechanical ventilation, LOS, and mortality. 21 In this single-center prospective cohort study of critically ill children and adolescents, we recorded an association between nutrition status on admission, as evaluated by body composition indicators, and PICU LOS/mortality. Undernutrition is common among critically ill children because they have lower nutrition stores compared with critically ill adults and, thus, are likely to be at higher risk of malnutrition. Timely and accurate nutrition assessment and prescription often is necessary to optimize clinical care for these children. 22 To help determine malnutrition risk and nutrition adequacy, various modalities of nutrition assessments are currently being used as measurements of weight and height and body composition measures that mainly provide an estimation of body fat and muscle stores. 20 These indicators, as well as numerous other biomarkers, also have been used to show correlation with clinical outcomes 23, 24 ; studies have advocated that low skeletal muscle mass is an independent risk factor for mortality in critically ill patients, as demonstrated by Weijs et al 7 and Moisey et al. 25 Anthropometric measurements are inexpensive, simple, and rapid to perform, and they provide an indirect estimation of nutrition status and body composition, with correct interpretation requiring the use of reference values for the study population involved. 26 In the anthropometric assessment, circumference measurements and skinfolds reflect both the fat and fat-free components, improving the accuracy of nutrition diagnosis. In their study, Israels et al assessed children and adolescents using weight/age, height/age, and weight/height indicators, as well as the arm circumference and TST, and observed that the arm measurements were more sensitive to diagnose severe malnutrition in their patients. 27 In a previous study, we also suggested that MUAC was the most sensitive indicator to assess undernutrition in 256 children and adolescents in a tertiary PICU. 28 Studies such as those of Bechard et al have shown that low BMI-for-age z-score values constitute an independent poor prognosis indicator 29 and that weight loss implies an increased mortality risk. Nevertheless, it is speculated that the true factor underlying the negative effects attributed to undernutrition is lean mass depletion, and not body weight loss. The present study seems to confirm this idea; FFM depletion at PICU admission demonstrated by low percentile MUAC values (ࣘ5) increased 30-day mortality.
We have identified no studies in the literature describing this association in critically ill children. Grippa et al 30 observed that upper arm muscle area-for-age besides weight/age and height/age was able to predict the duration of mechanical ventilation in 72 children and adolescents in the PICU, but association with mortality and LOS was not studied. In adults, MUAC was a better mortality predictor compared with BMI in patients with chronic obstructive pulmonary disease, as shown by Soler-Cataluña et al. 26 Ravasco et al 5 also observed a higher mortality rate in critically ill adults whose MUAC values were <5th percentile. BMI may be valid as a nutrition marker as shown by Bechard et al 9 ; however, it may mask situations of muscle depletion since it does not discriminate among body compartments. It is very common among individuals classified as eutrophic or even obese according to BMI to present with lean mass depletion. Not necessarily high BMI values are associated with elevated MUAC percentiles. Most of our patients were classified as eutrophic or overweight/obese according to BMI. Thus, the percentage of overweight and obese children observed in the study may have been overestimated since 90% of the children admitted to our PICU presented chronic diseases frequently associated with previous malnutrition. The elevated values of BMI could have an impact in MUAC, but this did not happen because 49.8% of children had reduced FM and FFM stores demonstrated by MUAC values <5th percentile. In a previous study, we showed that most of patients were classified wellnourished by BMI, and 58% of them presented MUAC ࣘ5th percentile. 28 In addition, the Cox regression did not show an association between BMI and mortality, but rather between PA and mortality. These data reinforce the importance of analyzing body composition complementary to anthropometry in the ability of the nutrition assessment and analysis to predict outcomes.
BIA was introduced by Lukaski et al 31 in 1985 as a simple method of estimating body composition. The BIA estimate is based on 2 assumptions, namely, that the tissue hydration is equal in all individuals and that the body behaves as a cylinder that conducts electric current evenly. Thus, BIA is not a good method for assessing body composition in situations where these 2 principles are not valid, such as with obesity, infants, and critically ill patients, and hydration disorders, such as ascites and edema. 32, 33 Conversely, BIA also provides an easy and quick PA measurement that reflects the FFM. 34 PA is a nutrition marker obtained directly from BIA that is not subjected to prediction equations and does not suffer interference from hydration. It reflects a relation between reactance (Xc) and resistance (R), which measures the opposition from cellular membranes and the opposition from body fluids to the current, respectively. Therefore, PA is closely related to health and nutrition status because it indicates both integrity of cellular membranes and water cellular distribution 11, 35, 36 and is decreased in patients with significant weight loss. 37 Given the close correlation between PA and nutrition status, it has been useful in clinical practice because it has enabled the identification of patients at risk of impaired nutrition status and decreased survival. 34 When PA was considered, we observed association between low PA values and PICU 30-day mortality as shown by the survival curve and Cox regression. In addition, we observed that children with low PA values who did not die remained longer until PICU discharge. Our study is 1 of the first in recent years to explore the use of nutrition indicators of body composition, particularly PA, as potential prognostic markers in critically ill children; it should be noted that Azevedo et al had already investigated the behavior of Xc and R in the severity of the critically ill pediatric patient, which was assessed by lung injury, sepsis severity, and multiple organ dysfunction. 38 Thibault et al 34 evaluated >900 adult patients and obtained results similar to ours. FFM measured at ICU admission by BIA-derived PA was associated with 28-day mortality, suggesting that this measure could be used as 1 of a battery of prognosis markers at ICU admission. Studies in pediatric patients are still scarce, and the cutoff found in the present study can encourage future studies using PA as a marker of prognosis in this population. Despite these findings, what contributes to a low PA in disease states is not completely understood to date. Age, sex, and BMI are the major determinants of PA in healthy individuals. PA values decrease with increasing age, due to a reduction in Xc, which parallels the FFM, and an increase in R, due to the declining proportion of body water at the expense of increasing FM in higher age. In sick individuals, studies have reported various disease-specific determinants of PA as malnutrition and inflammation. In patients receiving hemodialysis, for example, Johansen et al showed that higher interleukin-1 concentrations were associated with lower PA and with a greater decrease of PA with time. 39 Stobaüs et al investigated determinants of PA in a large observational, cross-sectional sample of hospitalized patients and observed that weight loss and inflammation were independent predictors of PA, next to age and sex. 37 In the present study, besides nutrition status, inflammation may have been an important determinant of the low PA values found, since 43% of patients presented with infection. If we consider age as a PA-determining factor and that PA values are inversely proportional to age, higher values would be expected in our pediatric population, denoting that the nutrition and health condition of these children was compromised. In fact, the cutoff we found in this pediatric population was lower than those found in the literature: 4.9 for adults with cirrhosis 40 and 3.4 for critically ill adults. 34 Our study has limitations; the sample size (that did not allow us to carry out the multivariate analysis) and heterogeneity must be mentioned. Data were collected at a single tertiary care center. Further research is necessary to determine whether the current study findings also apply to the outpatient and community settings. We did not collect other data that have known prognostic usefulness, such as the inflammatory markers. Moreover, we did not correlate PA and percentile MUAC with other outcomes, including morbidities and ventilator-free days.
The association between undernutrition and morbidity and mortality is known and widely documented in the adult population 7, 25, 26, 34, [41] [42] [43] [44] [45] ; however, there is a lack of literature that demonstrates this association, evaluated particularly by body composition indicators, in sick and critically ill children. Thus, despite having several limitations, our study reinforces the importance of nutrition assessments in critically ill children and suggests that body composition may be useful not only for nutrition diagnosis and monitoring, but also for an additional indicator in estimating death risk and PICU LOS in this population.
Conclusions
BIA and arm measurements are a non-invasive bedside tool; they are objective, reliable, inexpensive, easy, and quick to use. The results found suggested associations between nutrition status (evaluated by the body composition measurements of PA and MUAC) and PICU LOS and mortality in a cohort of critically ill children and adolescents. We found that a PA cutoff of 2.8 seems to be more appropriate for this population. However, further studies are warranted with larger and more diversified samples to enable a more accurate assessment of the prognostic ability of MUAC and PA in these patients.
